Ion flow velocities both parallel and perpendicular to the magnetic field and including the effects of spacecraft charging and spacecraft velocity have been measured during the recovery phase of two large magnetic storms on October 14 and 21 of 1981. These measurements were made both inside and outside the plasmasphere and indicate unreported yet substantial outflows of ions within the dayside plasmasphere (October 14). Combined data from instruments on board the Dynamics Explorer satellite, including the high altitude plasma instrument (HAPI), the energetic ion composition spectrometer (EICS), the retarding ion mass spectrometer (RIMS) and the plasma wave instrument (PWI), indicate that these ions are most likely dominantly O + at energies at least as low as 5 eV. The nightside pass (October 21), which occurred during the recovery phase of a similar storm, showed no plasmaspheric outflows. The results indicate that a large contribution to the outflux into the dayside plasmasphere during the recovery period is due to E > 5 eV ions.
INTRODUCTION
Plasmaspheric refilling has been a subject of extensive study for many years. Following a magnetic storm it has been hypothesized that the outer plasmasphere exists in a density depleted state due in part to the influence of the increased convection electric field. During the recovery phase the plasmaspheric flux tubes are observed to refill and the plasmasphere to expand (e.g., Carpenter [1967] , Chappell [1972] and review by Horwitz [1982] ). It has been suggested, however, that part of the plasmaspheric expansion may be due to corotation of the plasmaspheric bulge region [Carpenter, 1970; Horwitz et al., 1981] . Theoretical models [e.g., Banks and Holzer, 1968; Banks et al., 1971] have predicted that ionospheric evaporation is responsible for a continuous plasma exchange, which, during recovery phase, increases in magnitude due to the depleted density state of the plasmasphere. These latter authors predicted both subsonic and supersonic H + and He + polar wind velocities with typical escape fluxes of 2-7 x 108 cm -2 s -2 for H +, and 2-4 x 10 6 cm -2 s -2 for He +. Recent works [e.g., Barakat and Schunk, 1983] Mass analyzed ion spectra from the energetic ion composition spectrometer (EICS) and the retarding ion mass spectrometer (RIMS) on DE 1 have been used to determine the major ion constituents. The EICS, which is capable of resolving all major magnetospheric constituents in the energy range from 0 to 17 keV/q, has several operating modes. The mass, energy, angle range, and temporal resolution of the instrument is mode dependent. Modes are differentiated, primarily by their cycle time. Higher time resolution is obtained by limiting the number of species and/or energy steps sampled. See Shelley et al. [1981, 1982] for more information on the instrument and modes.
The RIMS instrument is capable of detecting low energy ions (E < 50 eV) and can measure two masses simultaneously with mass ratio of 1 to 4. The total mass range is 1 to 32 amu The flow calculation is performed by first sorting the particle data by energy step and pitch angle and then numerically evaluating the first moment flow integral. Partial sums are calculated for each of the five ion detectors by summing over all detector look directions during one (or more) complete spacecraft spin(s) at a given energy step. All ion detectors contribute to the sum over one complete spectral energy sweep. Because most of the statistically meaningful ion flux in the data considered in this work occurs for energies less than 300 eV, we have limited all our calculations to the energy range 5-313 eV. We have not subtracted the plasma corotation velocity from any of our calculations. The positive y axis of the coordinate system utilized is along the magnetic field, the x axis is the projection of the spacecraft velocity vector in a plane perpendicular to the magnetic field (local north or south), and the z axis completes the orthogonal set (approximately antiparallel to the spacecraft angular momentum vector (local east or west)). Direct comparisons of flow ,•elocities calculated from the dc electric field data of the plasma wave instrument have demonstrated very good agreement [Burch et al., 1985] and provide confidence in the numerical code.
The spacecraft potential can have substantial effects on the measured flow velocity. A positive spacecraft potential, as is commonly present during the high altitude dayside DE 1 passes, will retard the particle flux and shift the ion energy spectrum downward by an amount equal to the potential. For example, if the spacecraft potential is + 5 V, a 20 eV ion must overcome the spacecraft potential and will be observed at 15 eV, not 20 eV. For the case of high flux at low energy this energy shift has the effect of increasing the measured ion flow velocity, because of the decrease in the total observed count rate and hence calculated number density (the denominator of equation (1)). The assumed spacecraft potential for the analysis of day 287 was zero in the plasmasphere, with a slowly increasing positive potential to a maximum of 5.0 V in the dayside auroral zone. These potential values are the same as those used by Sojka et al. ['1983 ] in the region of data overlap. We shall present the ion flow velocity, number density, and particle flux measurements determined by the HAPI and compare with some of the measurements of the RIMS, the EICS, and the PWI in the region of overlapping measurements; and we shall discuss the insight this data set provides into plasmaspheric refilling processes. In Figure 11a there is good agreement between the two measurements during the period of highest flux and density (2252-2305). For the remainder of the times shown in Figure Fig I,,,,,,,,,I,,,,,,,,,I,,,,,, anisotropy caused by photoelectron emission from the spacecraft. body. This seems to influence the east-west ion flux measured by HAPI; however, no sun pulses are observed. Although the details of the interaction are not yet completely understood, some clues are provided by data from the second set of PWI antennas located on the spin axis. Due to their short length (4 m) these antennas do not provide reliable dc electric field data where the plasma density is low. At the same time at which the HAPI data were offset, an east-to-west electric field of 20 to 40 mV/m was measured. This is not interpreted as being due to a real electric field, but is seen as an indication that there is an unequal charge distribution around the spacecraft.
Ion Species and Spacecraft Potential Effects
To determine the effect of ion species and spacecraft poten- We have calculated flow velocities for the case of no assumed spacecraft potential (case 1--"no charge"), and the case of the assumed spacecraft potentials listed in Table 2 (case 2). The case 2 potentials are twice the potentials of Table 1 except for t < 2256:33 where we have assumed the maximum probable spacecraft potential of 5 V. For t < 2256:33 there were no detectable photoelectrons on the HAPI spectrograms even at the lowest energy step (5 eV). In order to determine the maximum effect of the assumed spacecraft potential in the plasmasphere we have thus assumed (for case 2) the maximum potential consistent with the absence of photoelectron detection. We have plotted these two cases together with the PWI-calculated flow velocities for comparison in Figure 12b . As can be seen in this figure an increase in the spacecraft potential has the effect of increasing the calculated spacecraft velocity, due to a decreas e in the calculated number density as noted above. The magnitude of the increase is actually quite small in the plasmasphere and most of the plasmapause. In the outer plasmapause and in the plasma trough regions the calculated flows for case 2 are larger than case 1 by a factor less than 50%. We conclude that modest increases in the spacecraft potential values of Table 1 have little or no effect on the calculated outflows in the plasmasphere and modest effects in the plasmapaUse and plasma trough. Throughout ,,,,,,,,i,,,,,,,,,i,, ,.
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• As the satellite moved equatorward into the diffuse auroral zone, the net ion outflux decreased with the total flux (inward plus outward), increasing as the total number density increased. The total flux and number density continued to increase in the plasma trough where the net outflux values reached a minimum. In the plasmasphere itself, however, where the density peak was seen, the total flux increased, and a net influx was detected which reached a value of almost 2 x 108 cm-• s-x at the density maximum. 
